Abstract. Female breast cancer is one of the leading causes of female mortality worldwide. In Malaysia, breast cancer is the most commonly diagnosed cancer in women. Of the women in Malaysia, the Chinese have the highest number of breast cancer cases, followed by the Indian and the Malay. The most common type of breast cancer is infiltrating ductal carcinoma (IDC). A proteomic approach was applied in this study to identify changes in the protein profile of cancerous tissues compared with normal tissues from 18 patients; 8 Chinese, 6 Malay and 4 Indian were analysed. Twenty-four differentially expressed hydrophilic proteins were identified. We evaluated the potential of these proteins as biomarkers for infiltrating ductal carcinoma based on their ethnic-specific expressions. Three of the upregulated proteins, calreticulin, 14-3-3 protein zeta and 14-3-3 protein eta, were found to be expressed at a significantly higher level in the cancerous breast tissues when compared with the normal tissues in cases of infiltrating ductal carcinoma. The upregulation in expression was particularly dominant in the Malay cohort.
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Introduction
Breast cancer is one of the leading causes of cancer deaths worldwide. It accounted for 548,000 deaths or 7% of all cancer deaths worldwide in 2007 and is the most common form of cancer affecting women [1, 2] . It is responsible for the deaths of ∼30,000 women yearly in the United States [3] . Breast cancer is the most common form of cancer in all ethnic and age groups of women in Malaysia. It is most prevalent among the Chinese, followed by the Indian and Malay, where the overall age-specific rate (ASR) was 46.2 per 100,000 women. Of these groups, Chinese females had the highest ASR of 59.7 per 100,000 women, followed by Indian females with an ASR of 55.8 per 100,000 and Malay females with an ASR of 33.9 per 100,000 [4] . One in 19 women in Malaysia runs the risk of developing breast cancer [5] .
Eighty-five percent of breast cancers originate in the mammary ducts, while fifteen percent arise in the lobules, which makes ductal carcinomas the most common type of breast cancer [6] . The staging and grading of cancer are used to classify the metastasis of the disease and the biological aggressiveness of cancer cells, respectively [7, 8] . Both staging and grading are used to determine the prognosis of a patient. Additionally, recent reports showed that the prognosis of breast cancer is affected by triple-negative breast cancer [9] as well as BRCA1 and BRCA2 mutations [10] . Caucasians have a greater incidence of breast cancer when compared to Asians, although the prognosis of both groups is similar in a stage-by-stage comparison [11] . Nevertheless, no study has documented the comparison of the prognosis between the Asian groups of Chinese, Indian and Malay women.
Although the molecular pathways involved in cancer progression have been intensively studied, their roles in the formation of cancer from normal tissue remain poorly understood [12] . Therefore, it is interesting to identify proteins that are differentially expressed in cancerous and normal breast tissues in order to understand the molecular mechanisms of breast cancer progression.
The large-scale study of the proteome, which is the entire complement of proteins expressed by an organism, is termed proteomics [13] . In general, a protein mixture can be typically separated by two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) [14] , after which proteins of interest can be excised from the gel and subjected to mass-spectrometry analysis for protein identification [15] . Proteomics has been used to identify protein biomarkers in breast cancer [16] [17] [18] [19] [20] and other types of cancers [21] [22] [23] [24] . The identity and functional role of these biomarkers may have important prognostic value in the detection and treatment of the disease [25, 26] .
The aim of the present study was to identify the differentially expressed aqueous soluble proteins between normal and cancerous tissues obtained from breast cancer patients. The significance of the identified protein in breast cancer will be evaluated according to their expression levels in relation to the ethnicity of the patients.
Materials and methods
Breast cancer patients
Patients that were afflicted with breast cancer for the first time and had not received any pre-treatment for the disease were divided by race into 3 cohorts: Chinese, Malay and Indian. The Chinese cohort contained 8 patients, the Malay cohort 6 patients and the Indian cohort 4 patients. All patients were diagnosed with infiltrating ductal carcinoma and had undergone surgical treatment at Penang Hospital, Malaysia. Human ethical clearance for conducting this study was provided by the Human ethical committee of the Ministry of Health, Malaysia and the Human ethical committee of the Universiti Sains Malaysia, Malaysia. Information about the patients involved in this study can be found in Table 1 .
Tissue samples
Specimens of normal and cancerous breast tissue were obtained from the Penang General Hospital, Penang, Malaysia. The tissues were collected after receiving informed consent from the patients. Each pair of tissues was comprised of cancerous tissue and its neighbouring normal tissue collected from the same patient. The tissues were pathologically confirmed by the hospital's pathologist. A frozen section of tissue morphology was taken from the cancerous tissues from the anterior and deep region to ensure adequacy of the tumour and that the only part of the cancerous tissue used in this study would contain greater than 90% malignant cells. Tissues were stored at −80
• C until analysis.
Protein extraction
Frozen tissues were washed with distilled water and cut into small pieces (approximately 250 mg). The tissue was added with Tris buffer (TRIS) [(40 mM Tris, 1 mM 4-(2-Aminoethyl) benzenesulfonyl fluoride (AEBSF)] at 2:1 ratio and homogenised with a plastic 
Protein preparation
Prior to isoelectric focusing, proteins in Tris buffer were precipitated by a trichloroacetic acid (TCA)/acetone method [27] . Tris extracts were treated with 10% TCA in ice-cold acetone containing 20 mM dithiothreitol (DTT) and incubated for 1.5 hours at −20
• C. After centrifugation (13000 rpm, 15 min, 4
• C), the pellet was washed with ice-cold acetone with 20mM DTT. The solution was centrifuged (13000 rpm, 15 min, 4
• C) and the supernatant was discarded. The pellet was solubilised in thiourea lysis buffer (TLB) (8 M Urea, 2 M Thiourea, 4% (w/v) 3-[(3-Cholamidopropyl)dimethylammonio]-1-propanesulfonate (CHAPS), 0.4% (w/v) carrier ampholyte, 50 mM DTT, 1 mM AEBSF) and incubated for 1 hour at room temperature. Each of the tissue specimens was analysed in duplicate.
2D-gel electrophoresis
Protein extract (250 mg protein) was passively rehydrated into 11 cm pH 4-7 IPG strips (Bio-Rad) for 15 hours. Isoelectric focusing was performed using the Protean IEF Cell (Bio-Rad) at 20
• C for 15 min at 250 V, 2.5 hours at 8000 V and held at 8000 V for 30 kVh. 
Gel imaging and analysis
The 2D-PAGE images were acquired using the Versadoc system (Bio-Rad). The gel images were processed and analysed using PDQuest software (BioRad). The software was used to create a matchset for a tissue specimen that was analysed in duplicate. Each specimen matchset was then used to create a master matchset to compare the individual specimen matchset of the cancerous and normal breast tissues. The master matchset was used to analyse the quantitative and qualitative differences in the protein spots between individual matchsets. Each protein spot was normalised as a percentage of the total density of all proteins spots in each gel in order to quantitate and to correct slight variations in protein loading. A protein was considered as upregulated if its expression level in cancerous tissues was increased 1.5-fold or more as compared to normal breast tissue; it was considered as downregulated if its expression level in cancerous tissues was decreased 1.5-fold or more as compared to normal breast tissue. A protein was uniquely expressed if it was exclusively found in either normal or cancerous breast tissue only. Additionally, the statistical significance of the protein's change in expression was determined using the Wilcoxon signed-rank test available in the PDQuest software.
In-gel digestion and liquid chromatography tandem mass spectrometry (LC/MS/MS) analysis
In-gel digestion was performed according to the method described by Othman et al. [29] . In summary, the protein spot of interest was excised from the gel, washed with deionised water, cut in fine pieces and dehydrated and rehydrated with acetonitrile (ACN) and 100 mM ammonium bicarbonate (NH 4 HCO 3 ), respectively, in order to remove the staining. The protein was then reduced in situ with DTT, alkylated with iodoacetamide and finally digested into peptide fragments by the trypsin enzyme. The peptide fragments were then eluted from the gel and dried under the continuous flow of nitrogen gas. Peptides were reconstituted in 30 µL of 0.1% (v/v) formic acid in an 85:15 solution of deionised water and acetonitrile. Peptides were fractionated by RP-HPLC (C18, 150 × 0.3 mm, 5 µm, 300 Å) using an Agilent 1100 Series. The mobile phases A and B were pumped at a constant flow rate of 4 µL/min, where A was 0.1% formic acid in deionised water and B was 0.1% formic acid in ACN. The peptides were eluted with a linear gradient of 5% B to 95% B in 70 min and held constant at 95% B for 5 min. The HPLC was interfaced with an ESI-ion trap mass analyser (Agilent). Two types of scan were performed, a full scan MS and a full scan MS/MS, during which the two most intense ions in a MS scan that exceeded the set threshold (5000 counts) were isolated for an MS/MS scan to produce a series of product ion spectra for the identification of the proteins. Instrumental parameters were a nebuliser pressure of 20 psi, an auxiliary dry gas flow of 6 L/min, an auxiliary dry gas temperature of 300 
Western blotting
Western blotting was carried out using a semi-dry blotting method [30] . Protein extracts were separated by SDS-PAGE according to Laemmli [28] . The gel was equilibrated in cold transfer buffer (192 mM Glycine, 25 mM Tris and 1.3 mM SDS, pH 8.3) for 30 min. A similar quantity of each protein extract was transferred from a polyacrylamide gel to a nitrocellulose membrane (Bio-Rad) in a TE 70 Semiphor 
Results
Aqueous soluble proteins are comprised of cytoplasmic and nuclear proteins. Figure 1a shows an example of 2D gel images of normal and cancerous breast tissue extracts from the same patient. Both gels were run and stained under identical conditions. A relatively consistent protein profile was observed in the images amongst the same cohort. In addition to the protein spots with similar intensities, protein spots with different intensities indicated the presence of differentially expressed proteins between the two tissues types (Fig. 1b) . The differentially expressed proteins spots with high spot intensities were targeted for LC/MS/MS analysis. The circled spots shown in Fig. 1c indicate the proteins that were further analysed.
Twenty-four protein spots with varying expression levels were targeted. The MS and MS/MS spectra of one of the target proteins are shown in Fig. 2 . Upon MASCOT search, the peptide was found to belong to calreticulin. Table 2 shows the list of proteins identified in this study. GRAVY score of the proteins indicates the hydrophilicity of the proteins; the more negative a protein's score, the greater its hydrophilic properties. Table 3 shows the mean number of protein spots detected in the 2D gel images in all three cohorts. The percent coefficient variation shows a high variability in the number of protein spots detected in each patient, indicating heterogeneity of the tissues. For this reason, we only focused on the protein spots expressed with > 75% consistency in patients. Four proteins were found to be upregulated, while 1 protein was consistently downregulated at > 75% consistency in all of the tested patients. The upregulated proteins were SEC13-like 1 (isoform b) (spot no. 12), calreticulin (spot no. 15), 14-3-3 protein zeta (spot no. 18) and 14-3-3 protein eta (spot no. 19). The downregulated protein was fibrinogen beta chain precursor (spot no. 13). The expression level of these proteins was further verified using Wilcoxon signed-rank test, which determines the statistical significance of the changes in protein expression levels between the two tissues types. The difference in the expression levels of these proteins was statistically Table 5 show the percentage of upregulation, equal expression, downregulation and non-expression of the proteins in all patients. In Chinese patients (n = 8), the consistent expression (> 75%) of 5 upregulated proteins and 1 downregulated protein was detected. The upregulated proteins were serum superoxide dismutase, glutathione transferase, calreticulin, 14-3-3 protein zeta and 14-3-3 protein eta. The downregulated protein was fibrinogen beta chain precursor. Changes in the expressions levels of all of the proteins listed above were statistically significant at the 95% confidence level (p < 0.05), except for the expression level of glutathione transferase, which was not statistically significant (p = 0.05). Table 6 shows the percentage of upregulation,equal expression, downregulation and non-expression of the proteins in Chinese patients.
In Malay patients (n = 8), the consistent expression (> 75%) of 10 upregulated proteins and 2 downregulated proteins was detected. The upregulated proteins were peroxiredoxin-2, serum albumin precursor, class IV beta tubulin, SEC13-like 1 (isoform b), calreticulin, unidentified protein (spot 16), hypothetical protein, 14-3-3 protein zeta, 14-3-3 protein eta and F-actin capping protein. The downregulated proteins were fibrinogen beta chain precursor and haptoglobin-related protein precursor. Table 7 shows the percentage of upregulation, equal expression, downregulation and nonexpression of the proteins in Malay patients. Changes in the expressions levels of all the proteins listed above were statistically significant (p < 0.05) except class IV beta-tubulin, which was not statistically significant (p = 0.05). The upregulation of calreticulin in Chinese and Malay patients was further confirmed by the Western blotting experiment shown in Fig. 4 .
In Indian patients (n = 4), the consistent expression (> 75%) of 4 upregulated proteins and 2 downregulated proteins was detected. The upregulated proteins were SEC-like 1 (isoform b), calreticulin, 14-3-3 protein zeta and 14-3-3 protein eta. The downregulated proteins were fibrinogen beta chain precursor and haptoglobin precursor (allele 2). Table 8 shows the percentage of upregulation, equally expressed, downregulation and non-expression of the proteins in Indian patients. Since there were only 4 Indian patients, the Wilcoxon signedrank test could not be performed, and therefore, the statistical significance of the data was not determined.
The expression levels of 12 proteins were significantly upregulated in at least one of the ethnic groups. Figure 5 shows the upregulation of these proteins in the Chinese, Malay and Indian patients and in all the patients tested. Superoxide dismutase was upregulated in 75% of Chinese patients. However, it was upregulated in only 67% of all patients and Malay patients, and only 50% in Indian patients. Peroxiredoxin-2 and serum albumin precursor were upregulated in 83% of Malay patients. Both of these proteins were upregulated in 67%, 63% and 50% in all, Chinese and Indian patients, respectively. Glutathione transferase was upregulated in 75% of Chinese patients, in 67% of all patients and Malay patients and in only 50% of Indian patients. Class IV beta-tubulin was upregulated in 83% of Malay patients. However, its upregulation in all, Chinese and Indian patients was only 61%, 63% and 25%, respectively. SEC13-like 1 was upregulated in 83% of all patients and 100% of both Malay and Indian patients. However, it was only upregulated in 63% of Chinese patients. Calreticulin was upregulated in 94%, 88%, 100% and 100% in all, Chinese, Malay and Indian patients, respectively. The unidentified protein (protein spot 16) was upregulated in 83% of Malay patients, but it was only upregulated in 67%, 63% and 50% of all, Chinese and Indian patients, respectively. Similarly, the hypothetical protein was upregulated in 83% of Malay patients, but it was only upregulated in 61%, 63% and 50% of all, Chinese and Indian patients, respectively. 14-3-3 protein zeta was upregulated in all ethnic groups. The protein was upregulated in 89%, 88%, 100% and 75% of all, Chinese, Malay and Indian patients, respectively. 14-3-3 protein eta also was upregulated in all ethnic groups. The protein was upregulated in 83% 75%, 100% and 75% of all, Chinese, Malay and Indian patients, respectively. F-actin capping protein was upregulated in 83% of Malay patients. However, it was only upregulated in 61%, 63% and 25% of all, Chinese and Indian patients, respectively. In this study, we found no co-relationship between the expression of the protein we identified and the expression of estrogen receptor, progesterone receptor, C-ERB-B 2 oncoprotein, triple negative or non-triple negative (Supplement al Data).
Discussion
Underlying changes in protein expression between normal and cancerous tissue are expected in the development of cancer. In this study, surgically removed cancerous and normal breast tissues specimens were used in the analysis. Therefore, the data obtained reveal actual changes in protein expression between normal and cancerous cells. A pair-wise comparison of normal and cancerous tissues from the same patient and a cross-comparison between the cancerous and normal tissues of all the patients were carried out in order to identify differentially expressed proteins. We did not identify any protein that could be used as the sole mark-er to indicate breast cancer, due to the variable expression of proteins between the patients; an upregulated protein in one patient may be downregulated in another and not expressed in the third. This observation demonstrates the complexity of protein interactions in cancer development, which makes it one of the incurable diseases or a disease that cannot be cured by a single remedy. Therefore, we targeted only the proteins that show great consistency in their expression levels in most of the patients. We believe that this approach minimises the identification of false positive proteins resulting from tissue heterogeneity between individuals or sample handling.
The correlation between the identified markers and the tissue subtypes, namely estrogen receptor, progesterone receptor, C-ERB-B 2 oncoprotein, triple negative, non-triple negative, which are used to indicate the prognosis of patients, was evaluated. Upregulation of the markers was well distributed in all tissues subtypes between the cohorts (Supplement 1) and within the same ethnic cohort (Supplement 2), and hence no correlation between the markers and the tissue subtypes could be established. We noticed that the expression of the proteins was more consistent when the patients were grouped according to their ethnicity, Chinese, Malay and Indian, regardless of the tissue subtypes (Supplemental Data).
In this study, four proteins were found to be significantly and consistently upregulated in > 75% of all patients tested. These proteins were SEC13-like 1 (83%), calreticulin (94%), 14-3-3 protein zeta (89%) and 14-3-3 protein eta (83%). The high expression levels of these proteins in all of the patients were strongly influenced by the Malay patients; all four of the proteins were found to be consistently upregulated (100%) in all of the Malay patients tested. Additionally, SEC13-like 1 and calreticulin were also upregulated in all of the Indian patients (100%) tested. Calreticulin was one of the two upregulated proteins found in 88% of the Chinese patients. The other protein that was significant in Chinese patients was 14-3-3 protein zeta (88%). Other proteins that were found to be expressed at > 75% consistency in Malay patients included peroxiredoxin-2 (83%), serum albumin precursor (83%), unidentified spot 16 protein (83%), a hypothetical protein (83%), Factin capping protein (83%) and class IV beta-tubulin (83%).
The expression of calreticulin, 14-3-3 protein zeta and 14-3-3 protein eta in breast cancer was more significant than the other proteins found in this study. The expression levels of these proteins in cancerous tissues were consistently high in patients with breast cancer, regardless of race. Although SEC13-like 1 was detected in 100% of the Malay and Indian patients, it was upregulated in only 63% of the Chinese patients tested. As for other proteins, their expression varied greatly between the ethnic groups.
Calreticulin is an abundant, multifunctional and high-capacity calcium ion binding protein that regulates cellular activities in the endoplasmic reticulum [31] . It binds to misfolded proteins and prevents the transportation of these proteins to the Golgi apparatus. Our results for the expression of calreticulin are in agreement with other researchers whose studies were conducted in Caucasian patients [32] [33] [34] .
14-3-3 eta protein (YWAH) and 14-3-3 zeta protein (YWAZ) are subunits of the 14-3-3 isoform proteins (14-3-3), which are conserved regulatory proteins that bind to proteins involved in the signaling pathway, including kinases, phosphatases and transmembrane receptors. 14-3-3 proteins also interact with the signalling proteins to mediate a wide variety of cellular events such as cell cycle regulation, cell growth, cell differentiation, cell survival, anti-apoptosis and synaptic transmission [35] [36] [37] [38] [39] . 14-3-3 proteins regulate processes that are important in cancer biology; they inhibit apoptosis, act as cell cycle checkpoints [40, 41] and mediating oncogene products that are over-expressed in cancer cells [42] . 14-3-3 proteins are upregulated in highly metastatic variants of breast cancer cell lines [18] and in tumour cells in breast ductal carcinoma [43] .
Protein SEC13 homologue (SEC13) is a mammalian protein that belongs to the SEC13 family of WD-repeat proteins. It has similarity to the yeast SEC13 protein, which is required for vesicle biogenesis from the endoplasmic reticulum during the transport of proteins. Since studies have supported the theory that the molecular function of SEC13 is conserved from yeast to humans, it is conceivable that the human SEC13 protein may be involved in intracellular protein transport as well [44, 45] . The human SEC13 protein is a putative component of the coatomer (COPI) complex, a protein complex that mediates the budding of vesicles. Since COPI is similar to the yeast COPII system, it is thought that COPI and therefore human SEC13 protein play a role in transporting proteins via the budding of vesicles from the endoplasmic reticulum to the Golgi apparatus [46] . Its involvement in cancer has not been reported.
All patients involved in this study are from the northern region of Malaysia. Nevertheless, due to the difference in ethnicity, they do not share a similar lifestyle, including the types of foods consumed. The Malaysian Chinese and Malay populations probably have a closer genetic make-up as compared to the Indian population, since the former originated from China-Mongolia while the latter was from India [47] . The data obtained in this study showed that the Malay population had greater consistency in terms of the expression of proteins between the patients, whereby the number of proteins expressed at > 75% was much higher when compared to other ethnic groups.
The expression of protein in cancer may be defined more precisely according to the menopausal status of the patient and the stage and grade of the cancer. Nevertheless, although the analysis of protein expression was carried solely based on the race of the patients, we detected a high level of consistency in the expression of certain ethnic-specific biomarkers in this study. The data reveal that despite the changes that are expected to take place during the progression of cancer, the expression of protein in cancerous tissues is still largely influenced by the genetic make-up of individual patients, that as we have shown in this study, is ethnicity-oriented. For this reason, the development of ethnic-specific drug-targeted therapy may be feasible.
Conclusion
Although sample size is a limiting factor in our study, the data demonstrate the possible correlation between protein expression and the ethnicity of the patient. The differential expression of proteins between ethnic groups may explain the different efficacy of anticancer drugs, which has previously been shown to be race-specific [48] . By organising protein profile maps according to ethnicity, proteins that are more prevalent in a specific ethnic group can be determined, and therefore ethnic-specific diagnoses as well as drug design are possible to be formulated for more effective usage.
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